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STUDY QUESTION:What is the impact of cancer in females aged ≤39 years on subsequent chance of pregnancy?
SUMMARY ANSWER: Cancer survivors achieved fewer pregnancies across all cancer types, and the chance of achieving a ﬁrst pregnancy
was also lower.
WHAT IS KNOWN ALREADY: The diagnosis and treatment of cancer in young females may be associated with reduced fertility but the
true pregnancy deﬁcit in a population is unknown.
STUDY DESIGN, SIZE, DURATION:We performed a retrospective cohort study relating ﬁrst incident cancer diagnosed between 1981
and 2012 to subsequent pregnancy in all female patients in Scotland aged 39 years or less at cancer diagnosis (n = 23 201). Pregnancies were
included up to end of 2014. Females from the exposed group not pregnant before cancer diagnosis (n = 10 271) were compared with general
population controls matched for age, deprivation quintile and year of diagnosis.
PARTICIPANTS/MATERIALS, SETTING, METHODS: Scottish Cancer Registry records were linked to hospital discharge records to
calculate standardized incidence ratios (SIR) for pregnancy, standardized for age and year of diagnosis. Linkage to death records was also per-
formed. We also selected women from the exposed group who had not been pregnant prior to their cancer diagnosis who were compared
with a matched control group from the general population. Additional analyses were performed for breast cancer, Hodgkin lymphoma, leu-
kaemia, cervical cancer and brain/CNS cancers.
MAIN RESULTS AND THE ROLE OF CHANCE: Cancer survivors achieved fewer pregnancies: SIR 0.62 (95% CI: 0.60, 0.63). Reduced
SIR was observed for all cancer types. The chance of achieving a ﬁrst pregnancy was also lower, adjusted hazard ratio = 0.57 (95% CI: 0.53,
0.61) for women >5 years after diagnosis, with marked reductions in women with breast, cervical and brain/CNS tumours, and leukaemia.
The effect was reduced with more recent treatment period overall and in cervical cancer, breast cancer and Hodgkin lymphoma, but was
unchanged for leukaemia or brain/CNS cancers. The proportion of pregnancies that ended in termination was lower after a cancer diagnosis,
and the proportion ending in live birth was higher (78.7 vs 75.6%, CI of difference: 1.1, 5.0).
LIMITATIONS, REASONS FOR CAUTION: Details of treatments received were not available, so the impact of speciﬁc treatment regi-
mens on fertility could not be assessed. Limited duration of follow-up was available for women diagnosed in the most recent time period.
WIDER IMPLICATIONS OF THE FINDINGS: This analysis provides population-based quantiﬁcation by cancer type of the effect of can-
cer and its treatment on subsequent pregnancy across the reproductive age range, and how this has changed in recent decades. The
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demonstration of a reduced chance of pregnancy across all cancer types and the changing impact in some but not other common cancers
highlights the need for appropriate fertility counselling of all females of reproductive age at diagnosis.
STUDY FUNDING/COMPETING INTEREST(S): This study was funded by NHS Lothian Cancer and Leukaemia Endowments Fund.
Part of this work was undertaken in the MRC Centre for Reproductive Health which is funded by the MRC Centre grant MR/N022556/1.
RAA has participated in Advisory Boards and/or received speaker’s fees from Beckman Coulter, IBSA, Merck and Roche Diagnostics. He has
received research support from Roche Diagnostics, Ansh labs and Ferring. The other authors have no conﬂicts to declare.
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Introduction
Continuing advances in therapy mean that many girls and young women
can now expect long-term survival following a diagnosis of cancer, and
thus there exists a rapidly increasing population of survivors of childhood
and young adulthood cancer (Skinner et al., 2006). Increasing importance
is therefore placed on the quality of their survivorship and their risk of ‘late
effects’ from their successful treatment (Oefﬁnger et al., 2006; Armstrong
et al., 2016). The possible impact on fertility is one of the consequences of
cancer treatment of greatest importance to patients (Peate et al., 2009).
The adverse effects of cancer treatment on fertility in both men and
women have been recognized for many years, and the importance and
establishment of fertility preservation as part of current medical practice is
recognized in international guidelines (Loren et al., 2013; National
Institute for Clinical Excellence, 2013). What is less clear, however, is the
overall extent of post-cancer loss of fertility within a population, as investi-
gation of this issue has often focused on speciﬁc diagnoses or otherwise
selected patient groups (Bramswig et al., 2015; Armuand et al., 2017).
The US Childhood Cancer Survivors Study (CCSS), which is based on
self-reported questionnaires, has provided detailed analyses of fertility and
pregnancy outcomes in relation to diagnosis and treatment using siblings
as controls (Signorello et al., 2006; Green et al., 2009; Chow et al., 2016).
However, this and the British Childhood Cancer Survivors Study (BCCSS)
(Reulen et al., 2009) are conﬁned to those diagnosed before the age of 21
and 15 years respectively, with limited data on the extent of reduced fer-
tility and pregnancy outcome in unselected populations (Chiarelli et al.,
1999; Clark et al., 2007; Winther et al., 2009a; Haggar et al., 2014).
Additionally, studies of reproductive function in adult women have often
used amenorrhoea or premature ovarian insufﬁciency (POI) as the key
outcome (Swerdlow et al., 2014; Jacobson et al., 2016) which may not
closely reﬂect the experience of failure to conceive in these patients
(Letourneau et al., 2012; Barton et al., 2013), additionally impacted by
social, psychological and sexual effects of cancer and its treatment (Ganz
et al., 1998; Howard-Anderson et al., 2012).
In Scotland, the availability of linkable databases of cancer registrations
and pregnancy-related outcome records offers the opportunity to study
whether women achieve pregnancy after a cancer diagnosis on a popu-
lation basis.
Materials andMethods
Study population
Female patients with a record of a ﬁrst incident cancer diagnosed below
the age of 40 years between 1981 and 2012 in Scotland were identiﬁed
from the Scottish Cancer Registry and linked to national general and
maternity hospital discharge records to ascertain subsequent pregnancies
(miscarriage, termination of pregnancy, or delivery of a still or live born
infant) up until the end of 2014. Linkage to subsequent death records up
to the end of 2014 was also performed (see Supplementary Information
Tables S1–S3 for ICD codes). Record linkage involved deterministic match-
ing based on the Community Health Index (CHI) number, a unique identify-
ing number used on all patient records in Scotland. Individuals were assigned
to population-weighted ﬁfths of deprivation scores (Morris and Carstairs,
1991) by applying 1991 and 2001 census-derived scores to the periods of
diagnosis 1981–1995 and 1996–2012, respectively. This is based on small
area of residence, and is derived from four variables collected at each decen-
nial census: social class, unemployment, overcrowding and car ownership.
Patients treated with radiotherapy and with chemotherapy in the ﬁrst 2
years following the cancer incidence date from 1997 onwards were identiﬁed
from Scottish Cancer Registry records; prior to 1997, acute hospital discharge
records were used to identify any radiotherapy or chemotherapy treatments
(see Supplementary Information Tables S1–S3). As these records do not con-
tain all episodes of radiotherapy or chemotherapy treatment, any patients
with no matching treatment records were recorded as Not Known.
Ethical approval
The study was approved by the Privacy Advisory Committee of the
National Health Service National Services Scotland—study reference num-
ber XRB13215.
Standardized incidence ratio of subsequent
pregnancy for all women with cancer
We compared the total number of pregnancies in the exposed group after
cancer diagnosis to the number expected based on pregnancy rates in the
general population from the date of cancer incidence to the date of death
or 31 December 2014, whichever occurred ﬁrst. Indirectly standardized
incidence ratios (SIR) of pregnancy were calculated, standardized for age,
deprivation quintile and calendar year of diagnosis. Pregnancy rates for the
general population were calculated using mid-year population estimate
denominator data sourced from National Records of Scotland. The overall
impact of each cancer diagnostic group was calculated from the number of
women with each diagnosis and its impact, as a proportion of the total
pregnancy deﬁcit.
Subsequent ﬁrst pregnancy for women
nulliparous at cancer diagnosis
The second part of the study selected only women from the exposed
group who had not been pregnant before their cancer diagnosis (or within
6 months of the date of cancer diagnosis to ensure exclusion of women
diagnosed during pregnancy). Data on previous pregnancies were available
from 1981 onwards. An unexposed control group, similarly required to
have had no pregnancy outcome events before or within 6 months of the
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Table I Standardized incidence ratio for subsequent pregnancy in all women with cancer onset at age ≤39 years,
1981–2012.
Women with cancer Pregnancies following cancer
Number % Observed Expected SIR* 95% CI
Lower Upper
Total 23201 100.0 6627 10736 0.62 0.60 0.63
Type of cancer
Colorectal 589 2.5 98 185 0.53 0.43 0.64
Liver 63 0.3 11 11 0.96 0.48 1.71
Bone 236 1.0 99 156 0.63 0.52 0.77
Skin (melanoma/non-melanoma) 5252 22.6 2563 2949 0.87 0.84 0.90
Connective and soft tissue 333 1.4 126 177 0.71 0.59 0.85
Breast 5173 22.3 547 1404 0.39 0.36 0.42
Cervix uteri 3498 15.1 552 1611 0.34 0.31 0.37
Ovary 1129 4.9 415 658 0.63 0.57 0.69
Kidney 237 1.0 56 90 0.62 0.47 0.81
Eye 122 0.5 31 66 0.47 0.32 0.67
Brain, CNS 1045 4.5 208 497 0.42 0.36 0.48
Thyroid 926 4.0 499 636 0.79 0.72 0.86
Hodgkin lymphoma 962 4.1 585 870 0.67 0.62 0.73
Non-Hodgkin lymphoma 673 2.9 217 323 0.67 0.58 0.77
Leukaemia 1077 4.6 235 494 0.48 0.42 0.54
Other 1886 8.1 385 608 0.63 0.57 0.70
Age at cancer diagnosis (years)
0–14 1638 7.1 561 778 0.72 0.66 0.78
15–24 2674 11.5 2052 2984 0.69 0.66 0.72
25–29 3378 14.6 1906 2821 0.68 0.65 0.71
30–34 5926 25.5 1493 2693 0.55 0.53 0.58
35–39 9585 41.3 615 1459 0.42 0.39 0.46
Deprivation category at cancer diagnosis
1—Least deprived 4671 20.1 1338 2161 0.62 0.59 0.65
2 4451 19.2 1278 1875 0.68 0.64 0.72
3 4690 20.2 1314 2098 0.63 0.59 0.66
4 4760 20.5 1429 2231 0.64 0.61 0.67
5—Most deprived 4629 20.0 1268 2371 0.53 0.51 0.56
Period of cancer onset
1981–1988 4628 19.9 1294 2422 0.53 0.51 0.56
1989–1996 5765 24.8 1780 3280 0.54 0.52 0.57
1997–2004 6323 27.3 2184 3303 0.66 0.63 0.69
2005–2012 6485 28.0 1369 1732 0.79 0.75 0.83
Record of chemotherapy
Yes 6274 27.0 1010 2110 0.48 0.45 0.51
No 7107 30.6 2642 3235 0.82 0.79 0.85
Not known 9820 42.3 2975 5391 0.55 0.53 0.57
Record of radiotherapy
Yes 4557 19.6 655 1525 0.43 0.40 0.46
No 8538 36.8 2862 3587 0.80 0.77 0.83
Not known 10106 43.6 3110 5624 0.55 0.53 0.57
*Standardized for age, deprivation and calendar year of cancer diagnosis; follow up from date of cancer incidence to death or 31 December 2014.
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matching date, was created from the general population using the CHI
database which includes all patients registered with a General Practitioner
in Scotland. Controls were matched on age, deprivation quintile and year
of cancer diagnosis. For exposed patients diagnosed between 1981 and
1997, the deprivation category of controls as at 1997 was used for match-
ing because address details before 1997 (required to assign deprivation
status) were not known. Three controls were selected for every member
of the exposed group. Of the 30 813 controls, two were subsequently
removed from the analysis due to incorrect linkage.
The primary outcome was the ﬁrst pregnancy event (miscarriage, ter-
mination or delivery) occurring at least 6 months after the date of cancer
incidence, or the corresponding date in matched controls. We also exam-
ined the proportions of pregnancies ending in miscarriage, termination, still
birth or live birth, as well as the still birth and infant death rates.
Cumulative incidence curves were produced for each cancer type show-
ing the cumulative incidence of ﬁrst pregnancy and, separately, death over
follow up time for the exposed cases and the controls (Scrucca et al.,
2007). Because mortality was an important competing risk, Fine and Gray
competing risk models (Fine and Gray, 1999) were used to calculate sub-
distribution hazard ratios (HRs) and 95% CI for pregnancy. Four models
were run to examine variations in the association between cancer and
pregnancy by (i) duration of follow-up time (since hazards were not pro-
portional over time); (ii) age group at diagnosis of cancer; (iii) deprivation
quintile; and (iv) period of diagnosis of cancer. Both unadjusted HRs and
HRs adjusted for age group at diagnosis, deprivation quintile, period of
diagnosis and cancer type as appropriate were produced.
Three further models were run: (i) HRs for pregnancy for the different
cancer types relative to the entire control group controlling for other fac-
tors. (ii) An extension of this model including an interaction term between
period of diagnosis and cancer type to generate adjusted HRs by period of
diagnosis for pre-speciﬁed cancer types of interest: leukaemia, Hodgkin
lymphoma, breast, cervical and brain/CNS cancers. (iii) To examine the
effect of treatment, run on a subset of the exposed group who were diag-
nosed from 1997 onwards and whose treatment could therefore be estab-
lished from Scottish Cancer Registry records. The small number of
patients for whom the treatment received was recorded as unknown were
excluded from this analysis. All models were run in Stata version 14 MP
(StataCorp LP, College Station, TX, USA). Model assumptions were
checked by splitting follow-up time into three periods and comparing HRs
during these periods.
Results
All pregnancies following cancer diagnosis
This analysis included 23 201 women aged 39 or younger at time of
cancer diagnosis (Supplementary Information Table S4). Overall the
cancer survivors achieved a lower than expected number of pregnan-
cies compared to the general population of women: 6627 observed
compared to 10 736 expected pregnancies, SIR 0.62 (95% CI: 0.60,
0.63: Table I). Thus cancer survivors were approximately 38% less likely
to achieve pregnancy after diagnosis. SIR was signiﬁcantly reduced for
women with all cancer types with the exception of liver cancer, which
was the least prevalent. SIR ranged from 0.34 (0.31–0.37) for women
with cervical cancer, to 0.87 (0.84–0.90) for skin cancers (Table I). The
contribution of diagnostic groups to the overall pregnancy deﬁcit (Fig. 1)
shows that cervical and breast cancer accounted for 26 and 21% of the
pregnancy deﬁcit, respectively, with additional substantial contributions
(6–9% of the total deﬁcit) from skin cancer, brain/CNS cancers, Hodgkin
lymphoma and leukaemia.
SIR was signiﬁcantly reduced across all age at diagnosis and depriv-
ation groups, and there were clear effects of both chemotherapy and
radiotherapy (Table I). SIR varied strongly by period of cancer diagno-
sis, being lower for women with cancer diagnosed in the earlier peri-
ods: 0.53 (0.51, 0.56) for women diagnosed 1981–1988 compared to
0.79 (0.75, 0.83) for women diagnosed in 2005–2012. Skin cancer
became much more frequent over the period of analysis (Table I): on
reanalysis after excluding skin cancers, overall SIR was further reduced
to 0.52 (0.51, 0.54), however, the effect of period was still very
apparent.
First ever pregnancies following cancer
diagnosis
This analysis included 10 271 women aged 39 or younger who were
nulliparous at the time of their cancer diagnosis and 30 811 matched
controls (Supplementary Information Table S5). The cumulative inci-
dence of ﬁrst pregnancy after cancer was markedly reduced, with
overall adjusted HR = 0.57 (95% CI: 0.53, 0.61) for those with >5
years follow-up (Table II and Fig. 2). Adjusted HR was reduced for all
diagnostic groups, showing similar general patterns to the SIR analysis
with marked impacts of cancers of the cervix (0.22), brain/CNS (0.18)
and leukaemia (0.21). Cumulative incidence of subsequent ﬁrst preg-
nancy for these diagnoses and for breast cancer and Hodgkin lymph-
oma (Fig. 2) highlight the very different patterns of subsequent
pregnancy compared to age matched controls after these diagnoses
(results for other diagnoses are shown in Fig. 3). The impact of previ-
ous cancer on subsequent pregnancy was signiﬁcant for women diag-
nosed in each age group, with the oldest age group showing a slightly
reduced impact (Table II). There were no differences by deprivation
category.
As in the SIR analysis, the impact of cancer was much less for
women diagnosed in more recent periods, despite possible limitations
of shorter follow up with more recent diagnosis. Among women diag-
nosed with cancer in 1981–1988, adjusted HR for subsequent ﬁrst
1,059
Cervix uteri
Breast
Skin
Brain
Hodgkin lymphoma
Leukaemia
Ovary
Thyroid
Non-Hodgkin lymphoma
Colorectal
Other
857
386
289
285
259
243
137
106
87
401
Figure 1 The impact of speciﬁc cancer diagnoses on the overall
pregnancy deﬁcit. The data shown are the differences between the
number of pregnancies expected and those observed for each diag-
nostic group over the period of this study, represented graphically as
a proportion of the total pregnancy deﬁcit. Thus women with cervical
cancer aged up to 39 had 1059 fewer pregnancies than matched con-
trols over the period 1984–2014, which was 26% of the total preg-
nancy deﬁcit.
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Table II Hazard ratio for subsequent ﬁrst pregnancy in nulliparous women with cancer onset at age ≤39 years,
1981–2012.
Hazard ratio
Unadjusted 95% CI Adjusted 95% CI
Lower Upper Lower Upper
Duration of follow up following cancer diagnosis (1)
<1 year 0.13 0.11 0.15 0.12 0.10 0.14
1–4 years 0.41 0.39 0.44 0.36 0.34 0.39
≥5 years 0.79 0.74 0.85 0.57 0.53 0.61
Cancer type (2)
Colorectal 0.28 0.19 0.40 0.26 0.18 0.38
Liver 0.36 0.17 0.78 0.27 0.12 0.60
Bone 0.49 0.37 0.65 0.30 0.22 0.39
Skin (melanoma and non-melanoma) 0.84 0.78 0.90 0.66 0.62 0.72
Connective and soft tissue 0.39 0.30 0.52 0.25 0.19 0.34
Breast 0.20 0.17 0.23 0.30 0.26 0.35
Cervix uteri 0.25 0.21 0.30 0.22 0.18 0.26
Ovary 0.53 0.44 0.62 0.37 0.31 0.45
Kidney 0.34 0.24 0.50 0.33 0.23 0.47
Eye 0.24 0.14 0.42 0.21 0.12 0.37
Brain, CNS 0.24 0.20 0.30 0.18 0.15 0.22
Thyroid 1.03 0.89 1.20 0.69 0.59 0.81
Hodgkin lymphoma 0.91 0.81 1.02 0.46 0.40 0.52
Non-Hodgkin lymphoma 0.47 0.38 0.59 0.34 0.28 0.43
Leukaemia 0.28 0.23 0.33 0.21 0.17 0.25
Other 0.28 0.23 0.34 0.27 0.22 0.32
Age at cancer diagnosis (years) (3)
0–14 0.39 0.36 0.42 0.37 0.34 0.39
15–24 0.37 0.33 0.41 0.37 0.33 0.41
25–29 0.38 0.35 0.42 0.36 0.33 0.40
30–34 0.39 0.35 0.44 0.39 0.35 0.44
35–39 0.52 0.44 0.62 0.53 0.44 0.63
Deprivation category at cancer diagnosis (4)
1—Least deprived 0.45 0.40 0.50 0.37 0.34 0.41
2 0.47 0.43 0.53 0.40 0.36 0.44
3 0.44 0.39 0.49 0.36 0.33 0.40
4 0.47 0.42 0.51 0.38 0.35 0.42
5—Most deprived 0.45 0.41 0.50 0.37 0.33 0.41
Period of cancer diagnosis (5)
1981–1988 0.30 0.27 0.33 0.20 0.18 0.22
1989–1996 0.40 0.37 0.44 0.34 0.31 0.37
1997–2004 0.63 0.58 0.69 0.61 0.56 0.67
2005–2012 0.63 0.57 0.70 0.62 0.56 0.69
Chemo/radiotherapy status (6)
Chemotherapy only 0.38 0.32 0.45 0.43 0.34 0.53
Radiotherapy only 0.57 0.45 0.74 0.66 0.50 0.86
Chemo and radiotherapy 0.30 0.24 0.37 0.36 0.29 0.47
Models based on 10 271 women with cancer and 30 811 general population controls except for chemo/radiotherapy effects: these models based on 2619 women with cancer receiving chemo/
radiotherapy and 2473 not receiving chemo/radiotherapy. Follow up from date of cancer/matching to ﬁrst pregnancy, death or 31 December 2014.
(1) Hazard ratios relative to controls with same duration of follow-up.
(2) Hazard ratios relative to matched controls for each cancer type.
(3) Hazard ratios relative to controls of same age.
(4) Hazard ratios relative to controls of same deprivation category.
(5) Hazard ratios relative to controls matched in that period.
(6) Hazard ratios relative to patients with cancer who did not undergo chemotherapy or radiotherapy.
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pregnancy was 0.20 (0.18, 0.22) compared with 0.62 (0.56, 0.69) in
women diagnosed in 2005–2012. Analysis of the effect of period of
diagnosis revealed marked increases in adjusted HR for subsequent
ﬁrst pregnancy in more recent periods for breast cancer, Hodgkin
lymphoma and cervical cancer (Fig. 4), with in the latter case women
diagnosed in the most recent period showing no signiﬁcant effect on
subsequent ﬁrst pregnancy (HR = 0.88 (0.68, 1.14)). There was a very
different pattern for leukaemia and brain/CNS cancers (Fig. 4), with
adjusted HRs remaining very low across all diagnostic periods.
The proportion of ﬁrst singleton pregnancies after cancer that ended
in a termination was lower among women with previous cancer (with
analysis by age at diagnosis showing this was signiﬁcant in all age groups
except the oldest) and the proportion ending in a live birth was corres-
pondingly higher (Table III). The proportion of pregnancies achieved
that ended in miscarriage or still birth was similar, as was the infant
death rate for live births.
Discussion
This analysis provides robust, population-based evidence for the effect
of cancer and its treatment on subsequent pregnancy in women aged
under 40 at the time of diagnosis. There was an overall reduction in
the likelihood of pregnancy after diagnosis of 38% compared to the
general population, with a comparable reduction in the incidence of
ﬁrst pregnancy after cancer. The reduction was seen in all groups by
age at diagnosis and across the diagnostic spectrum, even in cancers
which are predominantly managed surgically, although treatment with
chemotherapy and radiotherapy were both shown to have important
effects. There was no marked variation by deprivation index.
The clear reduction in overall impact on subsequent pregnancy by
treatment period showed marked differences by diagnosis. The strik-
ing change for women with cervical cancer is likely to reﬂect changes in
both the detection and treatment of early stages of cervical cancer,
with widespread screening introduced in the 1980s, and the current
development of fertility-sparing surgery (Rob et al., 2011). Hodgkin
lymphoma and breast cancer also showed improvement in chance of
ﬁrst pregnancy after cancer with more recent diagnosis. This improve-
ment is in keeping with recent data (Bramswig, et al., 2015) showing
limited overall impact of Hodgkin lymphoma in girls on the proportion
subsequently achieving parenthood (although abdominal radiotherapy
was associated with substantial reduction) and shows parallels to over-
all reductions in secondary mortality in Hodgkin lymphoma and other
childhood cancers, associated with reductions in the use of radiother-
apy (Armstrong, et al., 2016). The impact of breast cancer and its
Figure 2 Cumulative probability of ﬁrst pregnancy after cancer diagnosis (red) in all women with cancer compared to population controls (blue),
and in women with breast, cervical, brain/CNS cancers, Hodgkin lymphoma and leukaemia. Tables under each panel indicate the number of women
with cancer and controls at the time of diagnosis, and at subsequent time points up to 30 years.
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treatment may be augmented by prolonged adjuvant endocrine ther-
apy in hormone-sensitive disease (Shandley et al., 2017), with the con-
sequent reduction in fertility due to increasing age being of substantial
importance, and concern over the potential impact of pregnancy on
the risk of recurrence (Azim et al., 2013).
In marked contrast leukaemia and brain/CNS cancers showed no
improvement in the chance of subsequent ﬁrst pregnancy over the 30-
year period of analysis. Bone marrow transplantation (BMT) remains
the most effective treatment for leukaemia in young people excluding
children (Sellar et al., 2011; Rowe, 2013), and our ﬁndings reﬂect the
high risk of loss of fertility associated with total body irradiation or high
dose alkylating agent based chemotherapy as conditioning treatment
before BMT for acute leukaemia (Salooja et al., 2001). For brain
tumours effective treatments such as cranio-spinal radiotherapy can
impact on later reproductive function (Bath et al., 2001). Survivors of
brain/CNS cancer may also have a signiﬁcant neurocognitive
Figure 3 Cumulative probability of ﬁrst pregnancy after cancer diagnosis (red) in women with diagnoses other than those shown in Fig. 2 compared
to population controls (blue). Tables under each panel indicate the number of women with cancer and controls at the time of diagnosis, and at subse-
quent time points up to 30 years.
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impairment (Ellenberg et al., 2009) and are less likely to be married or
cohabiting (Frobisher et al., 2007; Koch et al., 2011), illustrating some
of the range of factors that impact on the likelihood of post-cancer
pregnancy. Choosing not to have a (further) pregnancy after cancer,
i.e. not to complete a previously intended family size, may also have an
impact. This may underlie the effect of cancers which are largely mana-
ged surgically, such as skin cancers, and would not be expected to
have an adverse effect on the reproductive system.
Reassuringly, our results show no increased risk of miscarriage or
still birth among ﬁrst pregnancies achieved after a cancer diagnosis.
The slightly lower proportion of pregnancies among women with pre-
vious cancer that end in a termination of pregnancy may reﬂect more
active planning of pregnancies in the cancer group, increased use of
contraception, or continuation of more unplanned pregnancies: fur-
ther research is needed to identify which of these factors have a role.
Infant death following a live birth was uncommon in both the cancer
and control groups, with no evidence of increased risk among the off-
spring of women with cancer. Although the present data show no
reduction in the chance of live birth after cancer, previous studies have
indicated that cancer survivors are at risk of a range of pregnancy
complications including miscarriage, premature delivery and low birth
weight, particularly associated with radiotherapy to a ﬁeld that includes
the pelvis for childhood cancer (Clark, et al., 2007; Winther et al.,
2008; Reulen, et al., 2009; Signorello et al., 2010; Haggar, et al., 2014;
Reulen et al., 2017). The ﬁnding of a reduced prevalence of termin-
ation of pregnancy differs from a Danish analysis (Winther et al.,
2009b); this may reﬂect both the size of the present analysis, and the
accurate recording of this outcome.
The varied and changing but still reduced chance of pregnancy in
young female survivors of cancer demonstrated here means that it
remains important to identify those girls and women at signiﬁcant risk
to offer timely access to fertility preservation treatments (Anderson
et al., 2015). These include oocyte vitriﬁcation in postpubertal women,
although this requires ovarian stimulation, with signiﬁcant time implica-
tions (Argyle et al., 2016; Lavery et al., 2016), or cryopreservation of
ovarian tissue which has no lower age limit but requires a surgical inter-
vention and may risk re-introducing malignant cells (Loren, et al.,
2013). Appropriate longer term follow-up for those young females at
risk of a reduced chance of a pregnancy after successful treatment of
their primary cancer remains important (Scottish Intercollegiate
Guidelines Network, 2013). Reproductive counselling, diagnosis and
treatment of POI and access to assisted reproductive technologies
should be a priority for young female cancer survivors who are
deemed to be at high risk of a reduced chance of pregnancy (Wallace
et al., 2012).
The largest datasets on pregnancy after cancer come from studies of
childhood cancer survivors, with little comparable data from women
diagnosed in adulthood. The CCSS has provided benchmark studies
demonstrating this risk (Sklar et al., 2006; Green, et al., 2009) although
it is not population based. The relative risk for female survivors of ever
being pregnant was 0.81 compared with siblings (Green, et al., 2009),
and a more recent analysis reported a hazard ratio for pregnancy of
0.87 in females who had been treated with chemotherapy but not
radiotherapy to the brain or pelvis (Chow, et al., 2016). The BCCSS
(Reulen, et al., 2009) also reported that the number of live births
observed from all female survivors was two-thirds of that expected,
though that analysis is limited to girls aged under 15 years at diagnosis.
A recent population based Swedish cohort study (Armuand, et al.,
2017) of 552 female survivors of cancer in childhood or adolescence
(<21 years) who were born between 1973 and 1977 showed that the
Figure 4 Adjusted HR (with 95% CI) for ﬁrst pregnancy after can-
cer diagnosis by period of diagnosis for women with breast, cervical,
Hodgkin lymphoma, leukaemia and brain/CNS cancers.
............................. ............................. ..........................
.............................................................................................................................................................................................
Table III Outcomes of singleton ﬁrst pregnancies among nulliparous women with cancer onset at age ≤39 years,
Scotland, 1981–2012 and matched controls.
Singleton ﬁrst pregnancies following cancer
onset/matching date to 31 December 2014
Nulliparous women
with cancer
Control women Difference 95% CI
Number %/rate* Number %/rate* Lower Upper
Total 2071 100 11772 100
Miscarriage 203 9.8 1095 9.3 0.5 −0.9 1.9
Termination 231 11.2 1725 14.7 −3.5 −5.0 −2.0
Still birth 8 0.4 53 0.5 −0.1 −0.4 0.2
Live birth 1629 78.7 8899 75.6 3.1 1.1 5.0
Infant death 12 7.4 43 4.8 2.5 −1.9 6.9
*% of all ﬁrst singleton pregnancies apart from for infant deaths which is per 1000 live births.
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HR for ﬁrst live birth was 21% lower than for controls, with particular
effects of CNS tumours and leukaemia. Our study, includes all girls and
women diagnosed with cancer without potentially biased incomplete
or selective follow-up and includes those who have received radiother-
apy to a ﬁeld that includes the brain or pelvis. This suggests a greater
impact with adjusted HR of 0.37 for girls and young women in both
the under 15 years and 15–24 age group. The present analysis now
provides for the ﬁrst-time robust analysis of the effect of cancer on the
likelihood of a pregnancy, and of a ﬁrst pregnancy, after all cancer diag-
noses in girls and adult women, up to the age of 39.
While major strengths of this analysis are its size and unbiased,
population based data, and the inclusion of women up to age 39,
weaknesses include the necessarily short duration of follow-up of
those most recently diagnosed, and the lack of detailed treatment
information. The effect of cancer was conﬁrmed here to be most
marked in the early years after diagnosis, so the HR for those diag-
nosed in the most recent period will be a conservative analysis.
Treatment information is at present not routinely collected in the
national databases used in this study, but is important to allow more
precise analysis of the effects of components of treatment regimens on
fertility. The relative contributions of diagnosis/treatment related loss
of fertility and psychological and social factors such as concerns over
cancer recurrence and other health issues (Schover, 2005; Howard-
Anderson, et al., 2012; Nilsson et al., 2014) are unclear. Information
on early miscarriage is also likely to be incomplete, as the data only
include miscarriages managed in a hospital setting, but this is likely to
affect data from cancer survivors equally to the general population.
In conclusion, this study shows the impact of cancer on the subse-
quent chance of pregnancy, both overall and of ﬁrst pregnancy, in girls
and women. A reduction in the chance of ﬁrst pregnancy was seen
across all ages at diagnosis and widely across diagnostic groups. We
clearly show that the impact of cancer on the chance of subsequent
pregnancy in young women is much <20–30 years ago for some key
diagnoses but remains present, and there has been no improvement in
the impact on later pregnancy of other diagnoses, notably leukaemia
and brain/CNS cancer. These data quantify the impact of cancer on
subsequent pregnancy. They highlight the need for interventions to
protect fertility in girls and young women with cancer at the time of
diagnosis and to support women considering pregnancy once treat-
ment is completed.
Supplementary data
Supplementary data are available at Human Reproduction online.
Authors’ roles
R.A.A.: study design, interpretation, drafting and ﬁnalizing article;
D.H.B.: study design, data analysis and interpretation, drafting and
ﬁnalizing article; S.N.: data analysis, study design, interpretation,
drafting and approval ﬁnal article; R.W.: study design, data analysis
and interpretation, drafting and ﬁnalizing article; C.F.: data analysis
and interpretation, drafting and ﬁnalizing article; T.W.K.: data ana-
lysis and interpretation, drafting and ﬁnalizing article; W.H.B.W.:
study design, interpretation, drafting and ﬁnalizing article.
Funding
NHS Lothian Cancer and Leukaemia Endowments Fund. Part of this
work was undertaken in the MRC Centre for Reproductive Health
which is funded by the MRC Centre (Grant MR/N022556/1). The
funders had no role in the design, analysis or interpretation of the data.
Conﬂict of interest
R.A.A. has participated in Advisory Boards and/or received speakers
fees from Beckman Coulter, IBSA, Merck and Roche Diagnostics. He
has received research support from Roche Diagnostics, Ansh labs and
Ferring. The other authors have no conﬂicts to declare.
References
Anderson RA, Mitchell RT, Kelsey TW, Spears N, Telfer EE, Wallace WH.
Cancer treatment and gonadal function: experimental and established
strategies for fertility preservation in children and young adults. Lancet
Diabetes Endocrinol 2015;3:556–567.
Argyle CE, Harper JC, Davies MC. Oocyte cryopreservation: where are
we now? Hum Reprod Update 2016;22:440–449.
Armstrong GT, Chen Y, Yasui Y, Leisenring W, Gibson TM, Mertens AC,
Stovall M, Oefﬁnger KC, Bhatia S, Krull KR et al. Reduction in late mor-
tality among 5-year survivors of childhood cancer. N Engl J Med 2016;
374:833–842.
Armuand G, Skoog-Svanberg A, Bladh M, Sydsjo G. Reproductive patterns
among childhood and adolescent cancer survivors in Sweden: a
population-based matched-cohort study. J Clin Oncol 2017;35:1577–
1583.
Azim HA Jr., Kroman N, Paesmans M, Gelber S, Rotmensz N, Ameye L,
De Mattos-Arruda L, Pistilli B, Pinto A, Jensen MB et al. Prognostic
impact of pregnancy after breast cancer according to estrogen receptor
status: a multicenter retrospective study. J Clin Oncol 2013;31:73–79.
Barton SE, Najita JS, Ginsburgh ES, Leisenring WM, Stovall M, Weathers
RE, Sklar CA, Robison LL, Diller L. Infertility, infertility treatment, and
achievement of pregnancy in female survivors of childhood cancer: a
report from the Childhood Cancer Survivor Study cohort. Lancet Oncol
2013;14:873–881.
Bath LE, Anderson RA, Critchley HOD, Kelnar CJH, Wallace WHB.
Hypothalamic–pituitary–ovarian dysfunction after prepubertal chemo-
therapy and cranial irradiation for acute leukaemia. Hum Reprod 2001;
16:1838–1844.
Bramswig JH, Riepenhausen M, Schellong G. Parenthood in adult female
survivors treated for Hodgkin’s lymphoma during childhood and adoles-
cence: a prospective, longitudinal study. Lancet Oncol 2015;16:667–675.
Chiarelli AM, Marrett LD, Darlington G. Early menopause and infertility in
females after treatment for childhood cancer diagnosed in 1964-1988 in
Ontario, Canada. Am J Epidemiol 1999;150:245–254.
Chow EJ, Stratton KL, Leisenring WM, Oefﬁnger KC, Sklar CA, Donaldson
SS, Ginsberg JP, Kenney LB, Levine JM, Robison LL et al. Pregnancy after
chemotherapy in male and female survivors of childhood cancer treated
between 1970 and 1999: a report from the Childhood Cancer Survivor
Study cohort. Lancet Oncol 2016;17:567–576.
Clark H, Kurinczuk JJ, Lee AJ, Bhattacharya S. Obstetric outcomes in can-
cer survivors. Obstet Gynecol 2007;110:849–854.
Ellenberg L, Liu Q, Gioia G, Yasui Y, Packer RJ, Mertens A, Donaldson SS,
Stovall M, Kadan-Lottick N, Armstrong G et al. Neurocognitive status in
long-term survivors of childhood CNS malignancies: a report from the
Childhood Cancer Survivor Study. Neuropsychology 2009;23:705–717.
9Pregnancy prevalence after cancer
Downloaded from https://academic.oup.com/humrep/advance-article-abstract/doi/10.1093/humrep/dey216/5038415
by Edinburgh University user
on 19 June 2018
Fine JP, Gray RJ. A proportional hazards model for the sub-distribution of a
competing risk. J Am Stat Assoc 1999;94:496–509.
Frobisher C, Lancashire ER, Winter DL, Jenkinson HC, Hawkins MM and
British Childhood Cancer Survivor Study 2007. Long-term population-
based marriage rates among adult survivors of childhood cancer in
Britain. Int J Cancer 2007;121:846–855.
Ganz PA, Rowland JH, Desmond K, Meyerowitz BE, Wyatt GE. Life after
breast cancer: understanding women’s health-related quality of life and
sexual functioning. J Clin Oncol 1998;16:501–514.
Green DM, Kawashima T, Stovall M, Leisenring W, Sklar CA, Mertens AC,
Donaldson SS, Byrne J, Robison LL. Fertility of female survivors of child-
hood cancer: a report from the childhood cancer survivor study. J Clin
Oncol 2009;27:2677–2685.
Haggar FA, Pereira G, Preen D, Holman CD, Einarsdottir K. Adverse
obstetric and perinatal outcomes following treatment of adolescent and
young adult cancer: a population-based cohort study. PLoS One 2014;9:
e113292.
Howard-Anderson J, Ganz PA, Bower JE, Stanton AL. Quality of life,
fertility concerns, and behavioral health outcomes in younger breast
cancer survivors: a systematic review. J Natl Cancer Inst 2012;104:
386–405.
Jacobson MH, Mertens AC, Spencer JB, Manatunga AK, Howards PP.
Menses resumption after cancer treatment-induced amenorrhea occurs
early or not at all. Fertil Steril 2016;105:765–772.e764.
Koch SV, Kejs AM, Engholm G, Moller H, Johansen C, Schmiegelow K.
Marriage and divorce among childhood cancer survivors. J Pediatr
Hematol Oncol 2011;33:500–505.
Lavery SA, Islam R, Hunt J, Carby A, Anderson RA. The medical and eth-
ical challenges of fertility preservation in teenage girls: a case series of
sickle cell anaemia patients prior to bone marrow transplant. Hum
Reprod 2016;31:1501–1507.
Letourneau JM, Ebbel EE, Katz PP, Oktay KH, McCulloch CE, Ai WZ,
Chien AJ, Melisko ME, Cedars MI, Rosen MP. Acute ovarian failure
underestimates age-speciﬁc reproductive impairment for young women
undergoing chemotherapy for cancer. Cancer 2012;118:1933–1939.
Loren AW, Mangu PB, Beck LN, Brennan L, Magdalinski AJ, Partridge AH,
Quinn G, Wallace WH, Oktay K. Fertility preservation for patients with
cancer: American Society of Clinical Oncology clinical practice guideline
update. J Clin Oncol 2013;31:2500–2510.
Morris R, Carstairs V. Which deprivation? A comparison of selected
deprivation indexes. J Public Health Med 1991;13:318–326.
National Institute for Clinical Excellence Fertility. Assessment and Treatment
for People With Fertility Problems. http://publicationsniceorguk/fertility-
cg156 2013.
Nilsson J, Jervaeus A, Lampic C, Eriksson LE, Widmark C, Armuand GM,
Malmros J, Marshall Heyman M, Wettergren L. ‘Will I be able to have a
baby?’ Results from online focus group discussions with childhood can-
cer survivors in Sweden. Hum Reprod 2014;29:2704–2711.
Oefﬁnger KC, Mertens AC, Sklar CA, Kawashima T, Hudson MM,
Meadows AT, Friedman DL, Marina N, Hobbie W, Kadan-Lottick NS
et al. Chronic health conditions in adult survivors of childhood cancer.
N Engl J Med 2006;355:1572–1582.
Peate M, Meiser B, Hickey M, Friedlander M. The fertility-related concerns,
needs and preferences of younger women with breast cancer: a system-
atic review. Breast Cancer Res Treat 2009;116:215–223.
Reulen RC, Bright CJ, Winter DL, Fidler MM, Wong K, Guha J, Kelly JS,
Frobisher C, Edgar AB, Skinner R et al. Pregnancy and labor complications
in female survivors of childhood cancer: The British Childhood Cancer
Survivor Study. J Natl Cancer Inst 2017:109 doi:10.1093/jnci/djx056.
Reulen RC, Zeegers MP, Wallace WH, Frobisher C, Taylor AJ, Lancashire
ER, Winter DL, Hawkins MM. Pregnancy outcomes among adult survi-
vors of childhood cancer in the British Childhood Cancer Survivor
Study. Cancer Epidemiol Biomarkers Prev 2009;18:2239–2247.
Rob L, Skapa P, Robova H. Fertility-sparing surgery in patients with cervical
cancer. Lancet Oncol 2011;12:192–200.
Rowe JM. Important milestones in acute leukemia in 2013. Best Pract Res
Clin Haematol 2013;26:241–244.
Salooja N, Szydlo RM, Socie G, Rio B, Chatterjee R, Ljungman P, Van Lint
MT, Powles R, Jackson G, Hinterberger-Fischer M et al. Pregnancy out-
comes after peripheral blood or bone marrow transplantation: a retro-
spective survey. Lancet 2001;358:271–276.
Schover LR. Motivation for parenthood after cancer: a review. J Natl
Cancer Inst Monogr 2005;34:2–5.
Scottish Intercollegiate Guidelines Network. Long term follow up of survi-
vors of childhood cancer. A National Clinical Guideline. 2013,
Edinburgh.
Scrucca L, Santucci A, Aversa F. Competing risk analysis using R: an easy
guide for clinicians. Bone Marrow Transplant 2007;40:381–387.
Sellar R, Goldstone AH, Lazarus HM. Redeﬁning transplant in acute leuke-
mia. Curr Treat Options Oncol 2011;12:312–328.
Shandley LM, Spencer JB, Fothergill A, Mertens AC, Manatunga A,
Paplomata E, Howards PP. Impact of tamoxifen therapy on fertility in
breast cancer survivors. Fertil Steril 2017;107:243–252.e245.
Signorello LB, Cohen SS, Bosetti C, Stovall M, Kasper CE, Weathers RE,
Whitton JA, Green DM, Donaldson SS, Mertens AC et al. Female survi-
vors of childhood cancer: preterm birth and low birth weight among
their children. J Natl Cancer Inst 2006;98:1453–1461.
Signorello LB, Mulvihill JJ, Green DM, Munro HM, Stovall M, Weathers RE,
Mertens AC, Whitton JA, Robison LL, Boice JD Jr. Stillbirth and neonatal
death in relation to radiation exposure before conception: a retrospect-
ive cohort study. Lancet 2010;376:624–630.
Skinner R, Wallace WH, Levitt GA. Long-term follow-up of people who
have survived cancer during childhood. Lancet Oncol 2006;7:489–498.
Sklar CA, Mertens AC, Mitby P, Whitton J, Stovall M, Kasper C, Mulder J,
Green D, Nicholson HS, Yasui Y et al. Premature menopause in survi-
vors of childhood cancer: a report from the childhood cancer survivor
study. J Natl Cancer Inst 2006;98:890–896.
Swerdlow AJ, Cooke R, Bates A, Cunningham D, Falk SJ, Gilson D,
Hancock BW, Harris SJ, Horwich A, Hoskin PJ et al. Risk of premature
menopause after treatment for Hodgkin’s lymphoma. J Natl Cancer Inst
2014;106:dju207.
Wallace WH, Critchley HO, Anderson RA. Optimizing reproductive out-
come in children and young people with cancer. J Clin Oncol 2012;30:
3–5.
Winther JF, Boice JD Jr., Frederiksen K, Bautz A, Mulvihill JJ, Stovall M,
Olsen JH. Radiotherapy for childhood cancer and risk for congenital mal-
formations in offspring: a population-based cohort study. Clin Genet
2009a;75:50–56.
Winther JF, Boice JD Jr., Svendsen AL, Frederiksen K, Olsen JH. Induced
abortions in Danish cancer survivors: a population-based cohort study.
J Natl Cancer Inst 2009b;101:687–689.
Winther JF, Boice JD Jr., Svendsen AL, Frederiksen K, Stovall M, Olsen JH.
Spontaneous abortion in a Danish population-based cohort of childhood
cancer survivors. J Clin Oncol 2008;26:4340–4346.
10 Anderson et al.
Downloaded from https://academic.oup.com/humrep/advance-article-abstract/doi/10.1093/humrep/dey216/5038415
by Edinburgh University user
on 19 June 2018
